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Dear Mr. Caton:

This letter will refer to the November 25, 1996 ex
parte presentation of Motorola Satellite systems, Inc.
("Motorola") in the above-referenced proceedings. Motorola has
duly notified the Commission of this presentation by letter from
its counsel dated November 25, 1996. Attached hereto please find
a complete copy of one of the papers submitted with the
November 25, 1996 letter, entitled: "The Advantages of Automatic
Power Control in the Sharing between Fixed Service and the Fixed
Satellite Service in the 38.6-40.0 GHz Band." One page of that
paper was missing from the original submission.
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Three originals and three copies of this letter and
attachment hereto are being submitted for inclusion in the
above-referenced proceedings (~ 47 C.F.R. S 1.1206).

Respectfully submitted,

~~
Pantelis Michalopoulos

Counsel for Motorola Satellite
Systems, Inc.

cc: Donald Gips
Ruth Milkman
Cecily Holiday
Steve Sharkey
Damon Ladson



Annex
THE ADVANTAGES OF AUTOMATIC POWER CONTROL IN THE

SHARING BETWEEN FIXED SERVICE AND THE FIXED SATELLITE
SERVICE IN THE 38.6 • 40.0 GHZ BAND

1. INTRODUCTION

The M Star system has been designed to share with both Fixed Service and other Fixed
Satellite Service systems. Under reasonable sharing rules, the M Star and the Fixed
Service can both share this scarce spectrum resource.

The M Star system can share with Fixed Service if the terminals are coordinated. This is a
common approach for sharing between FSS and FS systems. Motorola has proposed rules
that would allow sharing without coordination. If a manufacturer would meet the rules, the
equipment could be installed without coordination. Those who do not meet the rules would
be required to coordinate. The choice is theirs.

The sharing rules are such that the existing licenses could meet the rules if they utilized
Automatic Transmitter Power Control. The advantages of Automatic Power Control have
been stated in the TIAIEIA Telecommunications System Bulletin TSBIOF "Interference
Criteria for Microwave Systems" which has been included as Appendix A of this
document.

In Section 4.3.1 on Page 4-10 of this document it states:

«Automatic (or Adaptive) Transmit Power Control (ATPC) is a desirable feature of
a digital microwave link that automatically adjusts transmitter outputpower based
on path fading detected at the far-end receiver(s). ATPC allows the transmitter to
operate at less than maximum power for most ofthe time. when fading conditions
occur, transmit power will be increased as needed. ATPC is useful for extending
the life of transmitter components, reducing power consumption, simplifying
frequency coordination in congested areas, allowing additional up-fade protection,
and (in some radios) increasing the maximum power output (improves system
gain).

2. Fixed Service Goals in the 38.6 • 40.0 Ghz Bands

Among the goals stated by the Fixed Service advocates in the 38 Ghz band are the
following:

•
•
•

Cost effective use of spectrum to serve large markets

High frequency reuse

High system reliability
-.

It will be shown in the following paragraphs that ATPC wi II help the Fixed Service meet
their goals.



3. Automatic Transmit Power Control in Digital Links

As stated in Section 1, TSB10-F states that; "Automatic (or Adaptive) Transmit Power
Control (ATPC) is a desirable feature of a digital microwave radio link that automatically
adjusts transmitter output power based on path fading detected at the radio receiver".

3.1 Link Availability will be Increased with ATPC

The link availability goal of the Fixed Service links is 99.999%. This corresponds to only
5.3 minutes per year. Obviously, an equipment failure would immediately cause this
availability goal to not be achieved.

ATPC would reduce the transmit power therefore reducing the stress on a critical part in the
transmitter. At these frequencies, solid state power amplifiers and low noise receivers must
be implemented with expensive Gallium Arsenide MMIC technology. Reducing the
temperature/time profile for these devices dramatically increases their MTBF. Therefore
ATPC will enhance the system reliability. Enhancing system reliability will improve the
link availability.

It well could be that, in the millimeter band for number of years, the availability of the links
could be limited by equipment reliability rather than weather outages.

3 .2 Total Life Cycle Cost will be Reduced with ATPC

As stated above, solid state power amplifiers must be implemented with expensive Gallium
Arsenide MMIC technology. Reducing the temperature/time profile will increase the
MTBF and therefore reduce the maintenance cost of an equipment failure.

The receiver design is also simplified as the dynamic signal range at millimeter frequencies
would be reduced by up to 30 dB.

Although incorporating ATPC will increase the hardware cost, the reduced signal dynamic
range of the receiver will reduce the hardware cost. It is estimated that the net increase in
the hardware and installation cost will be less than 2%.

Considering the reduced maintenance cost due to the higher equipment reliability, the total
life cycle cost will likely be reduced.

3.3 Coordination will be simplified by the use of ATPC

Use of ATPC will ease the coordination problem. Interference is caused by in-band signals
and by out-of-band emissions into the adjacent band.

If the Fixed Service Jinks do not use ATPC, the transmitters will have to be sized to operate
with link margins in-excess of 50 dB. These excessive transmitter powers will cause a
severe potential for interference and therefore coordination problems. The use of ATPC
significantly reduces the range over which an in-band signal will interfere with another
Fixed Service receiver.

An even more significant effect of ATPC is on out-of-band spurious into the adjacent
bands. Out-of-band spurious from ATPC transmitters are reduced as the components



nominally operate in the linear mode which also reduces the out-of-band emissions into
adjacent channel receivers. Therefore thhe interference is reduced both by the range effects
and by the reduced out-of-band emissions

3.4 Spectral Efficiency is Improved by the Use of ATPC

A result of the reduced range for interference and the reduced out-of-band emissions into
the adjacent channel, the spectral efficiency for high density systems with ATPC is greatly
improved over that which may be achieved without ATPC.

4 • Summary and Conclusions

As shown in the above paragraphs, the use of ATPC will enhance the reliability of the
Fixed Service links with a potential for the decrease in life cycle costs. It will ease
coordination and enhance the frequency reuse and therefore the spectral efficiency in the
Fixed Service bands.

The 40/50 Ghz band is the last usable band for wideband satellites. The bands allocated for
satellites below 37.5 Ghz are either fully licensed and utilized or are in great contention for
licenses. The bands above 50 Ghz are effectively unusable for satellite due to the adverse
propagation environment. The only available bands where truly wideband satellites
systems may operate are therefore in the 40/50Ghz band.



APPENDIX B

A Design Approach for Implementing Automatic Transmitter
Power Control in 38.6-40.0 GHz Fixed Service Equipment

1. Introduction

The following describes an approach for low cost implementation of ATPC in millimeter
wave Fixed Service equipment. The approach is very simple and can be implemented at
minimum cost.

2. Problem Statement:

Provide 50 dB of transmit signal level control to maintain link quality in the presence of
rain fades while minimizing interference with other services in the same frequency band.
Typical transmitter output into the antenna would be in the range of +17 dBm to -33 dBm.
Typical modulation types are FSK. OQPSK. and QAM.

3 • Implementation cost:

3.1 Link Quality Estimate and control loop.

This function is implemented with negligible cost in existing systems by use of software to
compare the estimated symbol values to the actual values after forward error correction is
performed. Alternatively, the quality estimate can be done by examining the variance of the
symbols before decoding. The algorithm computes a link quality estimate and sends a
message to the transmitter to adjust it's power level up or down as required to maintain link
quality at a predetermined value.

3 .2 Transmitter RF power control.

In the case of non-constant amplitude modulation, the RF power control should be
implemented in a way that does not change the transmit amplifier linearity since that would
degrade the spectral containment of the emission. Power adjustment by the simple
expedient of bias variation on the transmit amplifier is likely to introduce nonlinearity and
distortion. An attenuator can be employed either at the input or the output of the amplifier
without changing linearity.

At the input, a PIN diode attenuator with 3 to 4 sections (diodes) can achieve 50 dB range
at low cost. In this case the noise floor of the amplifier must not degrade signal quality
when the signal is attenuated by 50 dB. A typical amplifier such as the Litton LMA 415
with 18 dB gain anda noise figure of 9dB results in a very acceptable elN of 36 dB in a 50
MHz bandwidth.

A PIN diode attenuator at the output requires the transmitter amplifier to deliver about 2 dB
more output power to overcome the minimum loss of the attenuator. This approach is less
desirable since it may cause distortion by driving the amplifier into its compression region
unless the amplifier is upgraded.



The cost of the PIN attenuator and its interface to the data link is less than 2% of the total
material cost of the simplest Fixed Site transceiver.

4 • Motorola Experience with Automatic Power Control in Millimeter
Wave Terminals

Motorola has incorporated ATPC in its terminals on the Iridium Program which operate at
20 and 30 Ghz. It has also manufactured a point-to-point terminal for the U.S. .
Government which operated at 55 Ghz and incorporated a form of ATPC.

There is no question that a competent manufacturer can sucessfully incorporate ATPC into
millimeter wave Fixed Service equipment at a minimum cost. ..
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4.3 Automatic Transmit Power Control In Dip1 LiDks

~ J;ppducrism:

,A"'C;\11 'I! i; (at Adaprivo) Tnmsz:ait Power Comrol (ATPC) is I deIirable fecate of. difiIal~
rIdio liDk that IJT1n'IJeriraQy djusIs uaosraitr« cuput power baled em pam fadiDa deeectaci at tile faNmd
MCCim(s). A~C allows me aaa""_ to opatrr • less 1han mairmDD poMrfarmost oftba lime. Wh=
fading t-QaCtititm occar, trIDSIIDt power wiD be iDcteueci as ueedod. ATPC is usafal far c:xumctinS !be life of
mmsmUuer~. redudul power ecasumption.~i:ag trequc=yCOCI'fnwrirm in cxmgemd uas.
~ eddirional up-f.ade proteCtion, aad (m smae nIdios) incr=asing the mrQrmmJ power ouqJC (tmprOV'CS

syA:Upin).

If'the maximma tta:.tlilmit power in I ATPC liDk is~ far ccIy a sbcxtperiod aftime. a traamit
poMlr1st1b:m !Quinn., may (itc:cna:ia r=rietiODS _ met) be usad wbtm imedaeuce c=lJcalariora alllllde
imoorher systems. Mmyy=m offadiDg srabscics bave verified that f.adma aD differem.~ pdIs is IlOIl

~ Lethe Iib:libooc1 oftwo paths in • gMu area beiDa in ad=p &de ad tb.m SWi1tive to iDrafaran
ftrnaItaDeOUS'y is very small. Further. to allow !or mrMuabJe deep fadiq. m=owawpIIbs lieetesipcd 1Vi2'b
lmfwded cania"..to-aaise (CIN) cd czricr-to-iDrctt=eace (C'I) ratQ JZmr:b gacar thaD those reqaind farhiP
qaIIity path pc::rfcu11"== Sia=!Id2zIJ is nem-com:lared. aDDIJparbs. a tIwxt-te= power iaCZ'llUt by a pICh
~adeep fade willaat~meCII. aD om. piths to aD objecticubJc 10\'Cl. On.propcdy cWped
path, aDd ODe not atrflCfed by ram omap,A'WC~ tnn'S'»ittrrs will be 11 mlCi"U' PO\ftI' fat a Ihcn
pc:riod ofrim:. ~,bee-. the ruaxim@1 poweris 3VIilable whez1 deep fICas o=ur, CPM, tbraboI4 aN,
aad C/I caJcn1moas iDro an ATPC liDk may ISSUZDO me "Maxiro2l'C' Tzmauis: Power" r=:e:ive cmier lew!

A'I'PC has be= suca=ssmUyimrJcmmred in FCC Pan. 21 CCED"'on c:anier bm:Is for sc:wraI years. cd,
UDder FCC E1'Dociart9J-9, is now pctmittl:ci under Part 94. Cum:Dtly. there are two types ofATPC availabJc.
The "rampiug" type~ powerdB for dB with a fade greater than a ccnam depth. The "stepped" type
irx=asespov.~ in a si.aa:1e Step to maw i",utn powerwber1 a fIdc exceeds a=uin d.epd:I. Besides significma'1y
aiding tile &eqac:ccy coardinatian p:roeess, Al?C also pn:widc::s receiver up.-fade avc:ri0a4 protecticn due to tbe
bac:bcl-offttamr.ait power lmCie:'narmal sip!leve1 ccndi2ions

Dur.mathe coaxdi,,'tion prca:s:s,1bc Anc usermust cIeartysate !bat ATPC \Vill be used. The tnIDIIait
powers associated wiIb au ATPC sysz= irIchzdcd on the c:oordiDaticm notice~~ IS follows:

'!'hat a:wswitpower that will not beueeedt.d at any ti:I=. used for CFM ad
path reliability (0IItIF) computatiom, aDd for ealcuhlting me CIl iDto 811
ATPCsysrt;aL

Cooniinated Trausmtt PtnPer !hit lI'8IJSl:Wt~ sdeardby the ATPC syszIlm !i=Dee as the pom:r to be
used incatculatinl i.merfe1== 1cvds imD victimreceivers. ,.
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